The aim of this paper is to study the determinants of sovereign debt maturity for 23 European countries during the period between 1995 and 2013. For this purpose, we use quantile regressions with robust standard errors clustered by countries to consider the impact of the determinants in the entire distribution. The results indicate a positive relation between the level of debt of the country and sovereign debt maturity, particularly for countries with the lowest debt maturity. We also find evidence of a negative relationship between sovereign risk and debt maturity for the lowest and intermediate values of the debt maturity.
The outbreak of the recent financial crisis has very negatively affected all economic agents. Initially, this crisis affected the real economy, which suffered from the failure of large financial institutions such as Lehman Brothers in 2008. Nevertheless, these types of events, far from decreasing in number, have continued their expansion to influence state finances. In this regard, the financial crisis in Europe has recently transformed into a sovereign debt crisis, beginning in 2009, and has affected most members of the Economic and Monetary Union (EMU).
In this context, this paper aims to deepen the analysis of the determinants of sovereign debt maturity in Europe as sovereign debt crisis has had the greatest impact in this territory. Studies have generally focused on analyzing the determinants of sovereign risk. However, the maturity of sovereign debt has barely been analyzed, even when the expansion of maturity is essential to reducing the risk (Harold L. Cole and Timothy J. Kehoe 2000) . Furthermore, the debt-to-GDP ratios, which have substantially increased during the recent financial crisis, are influenced by their maturity structure (Juan Equiza-Goñi 2016) . The crucial role of debt maturity in smoothing the sovereign debt crisis is clearly shown if we observe the measures adopted in Greece that generated a sharp increase in average maturity and reduced pressure on sovereign debt. Therefore, the maturity structure of debt seems to be an important factor in the expansion and depth of the sovereign debt crisis. A better understanding of the determinants of the sovereign debt maturity structure would allow economic authorities to implement measures that smooth the impact of a crisis with similar characteristics. For this
Theoretical Framework and Review of the Literature
In this section, we present the main theories, according to the academic literature, related to the maturity structure of sovereign debt. Some authors have already warned about the importance of debt maturity structure in avoiding debt crisis. Cole and Kehoe (2000) argue that lengthening the maturity structure of sovereign debt significantly decreases the effects of a self-fulfilling debt crisis, which is confirmed by Satyajit Chatterjee and Burcu Eyigungor (2012) who affirm that in the presence of debt rollover crisis, long-term debt provides greater welfare than short-term debt.
From a theoretical point of view, there are several papers that have analyzed the optimal maturity structure of sovereign debt. Some examples are the papers of Georges-Marios Angeletos (2002) or Olivier Jeanne (2009) about the optimal maturity structure of public debt. In this sense, Guillermo A. Calvo and Pablo E. Guidotti (1992) analyze the role of sovereign debt maturity structure. They develop a model as an extension of Robert J. Barros's (1979) model in which they take into account tax smoothing theory and time inconsistency to study the maturity structure of nominal government debt obligations. They discover stylized facts about debt maturity and its relationship with other variables for a set of industrial countries. Namely, they conclude that a positive relation between public debt and maturity exists. Regarding government expenditure, this relationship is negative.
The relationship between the amounts of public debt and maturity is not a new concept. Jakob De Haan, Bernd Jan Sikken, and Andrew Hilder (1995) and Andriy Bodnaruk (1999) analyze the relationship between indebtedness level and maturity structure in sovereign states, yielding ambiguous results about the direction of the relationship. In the context of sovereign states, it must be considered that countries can inflate away their debt (Bodnaruk 1999) . Indeed, highly indebted countries may have incentives to reduce their debt with inflation (Alberto Alesina et al. 1992 ). The PANOECONOMICUS, 2018, Vol. 65, Issue 2, pp. 137-161 benefits of debt reduction are greater with increasing leverage and maturity (Bodnaruk 1999) . For this reason, markets request an inflation premium in long-term bonds. Alessandro Missale and Olivier J. Blanchard (1994) consider that states may mitigate the inflation premium by shortening the maturity structure to signal the markets that they will not resort to inflation to reduce debt. Therefore, in an environment with inflationary pressures, a higher level of debt reduces the maturity of sovereign debt. However, in the context of the EMU, where the European Central Bank (ECB) controls inflation, it would be difficult for the monetary authorities to enact this possibility, and the risk of devaluation is substantially reduced (Alesina et al. 1992) .
Juan Carlos Hatchondo and Leonardo Martínez (2009) analyze how the issue of long-duration bonds affects spreads in emerging economies. Despite other studies, they assume that government issues one-quarter bonds but also long-duration bonds, which for emerging economies are bonds with an average duration of 4 years. The inclusion of bonds with higher duration significantly increases yields.
Cristina Arellano and Ananth Ramanarayanan (2012) present a dynamic model for sovereign default with long-duration bonds in emerging economies. According to these authors, default is more likely to occur in times of low income and high debt. In this respect, if income is high and debt is low, spreads decrease, as does default probability. They suggest that maturity structure reflects a trade-off between the incentive to repay short-term debt and the hedging that provides long-term debt. Namely, they find that there exists a co-movement between maturity and the term structure of spreads.
The effects of risk on the maturity structure of sovereign debt have also been studied by Dirk Niepelt (2014) . According to Niepelt, high debt-to-GDP ratios influence maturity structure. In this respect, in times of low income, governments issue more debt and the maturity structure shortens. On the other hand, in times of high income, total debt issuance decreases and the maturity structure increases. Niepelt also finds that maturity smoothing should increase in response to risk, whereas it shortens in times of crisis or low output.
Another possible approach to the relationship between growth and debt maturity is proposed by Stefan Eichler and Dominik Maltritz (2013) . These authors indicate that countries with reduced growth show an increased risk for all maturities of debt, both short-and long-term. In this situation and in the event that the term structure of interest rates is increasing, countries with lower growth can reduce their cost of financing by issuing short-term debt, which has lower costs. However, countries with high growth reduce risk across all maturities of debt and can borrow at longer terms without significantly increasing the cost of debt.
In this sense, the analysis of risk over maturity structure has also been widely analyzed in the literature. Along this line of research, Laura Alfaro and Fabio Kanczuk (2009) discuss the advantages and disadvantages of borrowing over the short-or longterm and conclude that shortening the maturity structure implies higher levels of welfare. Chul Woo Park (1999) studies the management of U.S. debt. Specifically, he analyzes the influence of maturity on sovereign bond yields. The results indicate that shortening the debt maturity structure, i.e., using more short-term debt, reduces the PANOECONOMICUS, 2018, Vol. 65, Issue 2, pp. 137-161 yields of these instruments but increases those of long-term bonds. Hei Wai Lee, Yan Alice Xie, and Jot Yau (2011) examine the relationship between Macaulay duration and sovereign risk for a sample of bonds issued in U.S. dollars by Asian countries for the period between 1997 and 2009. They find that risk reduces the duration of the bonds and confirm the results of Xie et al. (2009 ). Fernando A. Broner et al. (2014 indicate that the average maturity of sovereign debt in peripheral countries has increased since the creation of the euro -to levels similar to those existing in France and Germany -as a result of the financial stability introduced by the Monetary and Economic Union. A more detailed analysis of the relationship between debt maturity and sovereign risk is provided by Broner, Guido Lorenzoni, and Sergio L. Schmukler (2013) , who analyze the relationship between those two variables for a set of emerging countries for the 1990s and the first decade of the 21 st century, taking into account the existence of a crisis during this period. They use the term "excess premium" to refer to the difference in the term premium between emerging and developed countries. They confirm their hypothesis that investors ask for a higher risk premium on longterm bonds, which indicates that the countries analyzed prefer to issue short-term debt to reduce their funding costs, suggesting the presence of an inverse relationship between maturity and risk, as in Diego Perez (2013) . The authors also obtain evidence that this trend intensifies in times of crisis because in this case, the risk premium that investors incorporate into long-term bonds is higher than that in times of financial stability.
Francesco Drudi and Raffaela Giordano (2000) deepen the analysis of the optimal maturity structure and find that lengthening the maturity structure decreases the risk of default, whereas shortening the maturity structure increases default risk, therefore requiring that the optimal maturity structure be lengthened. However, they also state that, for highly indebted countries, it is likely that the risk premium in long-term instruments is so high that issuing short-term debt is the only viable option. These results confirm those reported by Alesina et al. (1992) , who obtain an inverse relationship between risk premium and average maturity only for countries with a high level of indebtedness.
Previous studies that have analyzed the determinants of debt maturity in sovereign states are shown in Table 1 . Kees P. Goudswaard (1990) is one of the first to analyze this topic and includes a dummy variable for the economic cycle, inflation and real interest rates as determinants of maturity. Missale and Blanchard (1994) , De Haan, Sikken, and Hilder (1995) and Bodnaruk (1999) analyze the effect of the indebtedness level on the maturity of sovereign debt with different results. Recently, studies have focused on analyzing the relationship between credit risk and the maturity of sovereign debt (Arellano and Ramanarayanan 2012; Broner, Lorenzoni, and Schmukler 2013; Perez 2013, among others) . The results show the existence of an inverse relationship between the variables. As demonstrated, most of the papers focus their analysis on emerging economies, but there is no recent evidence for a set of industrialized countries. Therefore, we focus on the euro area context, taking into account recent events derived from the current financial crisis. 
Hypotheses Formulation
This section presents the hypotheses to be tested in the study according to the arguments extracted from the theoretical framework and literature review. As stated, the objective of this paper is to analyze the determinants of the maturity of sovereign debt. According to the previous studies summarized in Table 1 , it appears that there are three forces that drive sovereign debt maturity: business cycle, risk and debt level (previous studies also take into account inflation but in the context of a Monetary Union where inflation is supervised; as is the case for European countries, its effect should be residual. In any case, we also control for inflation in our estimations). Therefore, our hypotheses are in line with these arguments.
Maturity and Business Cycle
Eichler and Maltritz (2013) note countries that show low growth facing a higher default risk in all its debt maturities. Therefore, if the risk increases, regardless of the duration of operations, sovereign states with reduced growth will choose financing at a lower cost, i.e., debt with shorter maturities. This reasoning is supported by Niepelt (2014) , who states that when a country's income is low, the maturity structure shortens. According to the foregoing argument, we propose the following hypothesis:
Hypothesis 1: The level of growth in the countries analyzed has a positive effect on the maturity of sovereign debt.
According to Eichler and Maltritz (2013) , the growth of a country is inversely related to the credit risk for all maturities of sovereign debt. Therefore, a country with low growth suffers greater credit risk, which increases the cost of debt, especially at longer maturities. In this case, countries issue short-term debt to reduce their costs, and consequently, the maturity of sovereign debt shortens.
The Effects of Risk on Debt Maturity
The relationship between risk and sovereign debt maturity has been analyzed in several papers, whose authors find evidence of an inverse relationship between the variables (Xie et al. 2009; Lee, Xie, and Yau 2011; Broner, Lorenzoni, and Schmukler 2013; Perez 2013) . Moreover, this effect is strengthened during recession periods and when sovereign credit ratings are worse (Broner, Lorenzoni, and Schmukler 2013) , as confirmed by Bai, Kim, and Mihalache (2015) , who find that governments are more prone to issue bonds with short duration during crises. Based on these arguments, we propose the following hypothesis:
Hypothesis 2: Sovereign credit risk is inversely related to the maturity of sovereign debt.
An increase in sovereign risk implies an increase in yields for longer maturities. In this case, governments shorten the maturity to reduce their financing costs. In addition, this inverse relationship is intensified in times of financial turmoil.
The Influence of Debt on Maturity
The relationship between debt maturity and indebtedness level in sovereign states is complex because governments can inflate away their debt. Missale and Blanchard (1994) suggest that highly indebted states can shorten the maturity structure as a signal to markets that are not using inflation to reduce debt, and therefore, they control inflation premiums in longer-term bonds. Thus, countries with higher levels of debt will resort to short-term debt. In this vein, Drudi and Giordano (2000) state that when the indebtedness level is very high, the yields of instruments of longer maturities are difficult to sustain and governments are forced to issue more short-term debt.
According to previous research, it is expected that an increase in the indebtedness level will reduce the maturity of sovereign debt because high indebtedness may increase premiums on long-term bonds, hindering the issuance of longer maturities because they imply higher financing costs. However, Eichler and Maltritz (2013) , in a more recent analysis of the euro area, explain that the level of indebtedness in states only increases short-term risk. In this case, long-term bonds yields would remain stable, which would expand debt maturity or keep it constant. Therefore, we propose the following hypothesis: In addition, we control for the influence of inflation on the maturity of sovereign debt, although inflation in the euro area is currently controlled by the ECB. A high level of inflation introduces greater uncertainty about the future and the development of long-term bonds (Goudswaard 1990 ); therefore, an inflation premium is incorporated into those instruments.
We also take into account the effect of the public deficit/surplus on debt maturity. According to Niepelt (2014) , government expenditure exhibits a negative relationship with maturity. Therefore, an increase in government expenditure can lead to a rise in government deficit. We thus expect that high public deficits reduce average maturity, and therefore, public surplus lengthens maturity.
Data and Methodology
This section describes the data and methodology used in the empirical analysis. The aim of this paper is to analyze the determinants of the maturity of sovereign debt in Europe. To this end, we have selected the following European countries: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovak Republic, Slovenia and Spain between 1995 and 2013. This provides us a data set for 23 European countries over 19 years, which includes unbalanced panel data comprising 437 observations. The countries and the rest of the variables included in the analysis were selected according to the availability of data.
Data
Specifically, we propose the following annually based variables.
Dependent variable. In the literature, many variables are used to approximate the average maturity. Goudswaard (1990), Broner, Lorenzoni, and Schmukler (2013) and Perez (2013) use the average maturity of debt as the dependent variable. In this paper, we use the average maturity of sovereign debt in years as a dependent variable. Annual data are obtained from the European Central Bank (ECB 2014) 1 Statistical Data Warehouse for the period between 1995 and 2013 inclusively. The data concerning the average maturity for Germany, Ireland, Slovakia and Spain are not available in the ECB Data Warehouse. Therefore, we have completed the data set with maturity data for these countries obtained from the Organisation for Economic Co-operation and Development (OECD 2014) taking into account local and regional debt and social security funds. Therefore, the difference between the two sources is the amount of local and regional debt and social security funds that is in most cases residual over total debt. Correlations between the values of maturity from the OECD and the ECB are very high, indicating that the differences between them are small.
We use GDP per capita growth as an indicator to approximate business cycle (Eichler and Maltritz 2013) . The data were obtained from Eurostat (2014) 4 . It is expected that lower growth will lead to a lower maturity of sovereign debt because reduced growth increases the sovereign risk.
To approximate credit risk, we use the risk premium relative to the U.S. sovereign bond to include Germany in the study to have the greatest possible number of observations (Kerstin Bernoth, Jürgen von Hagen, and Ludger Schuknecht 2012). The data concerning the yields from the analyzed countries and from the U.S. were obtained from Eurostat (2014) and the Federal Reserve Bank of St. Louis (2014) 5 , respectively. A high risk premium is indicative of high credit risk, and we expect an inverse relationship with the maturity of sovereign debt (Xie et al. 2009; Broner, Lorenzoni, and Schmukler 2013) .
We use the debt-to-GDP ratio to approximate the indebtedness level (Missale and Blanchard 1994; De Haan, Sikken, and Hilder 1995; Bodnaruk 1999) . These studies do not yield conclusive results on the relationship between the indebtedness level and the maturity of sovereign debt. The data are taken from the European Central Bank Statistical Data Warehouse. In addition, we incorporate inflation as a determinant of sovereign debt maturity (Goudswaard 1990; Missale and Blanchard 1994; De Haan, Sikken, and Hilder 1995) . It is expected that the relationship is inverse because inflation increases uncertainty and an inflation premium is incorporated into long-term bonds (Missale and Blanchard 1994) . However, in the euro area, this relationship may be conditioned by the ECB, whose main objective is to control inflation. The data are expressed as interannual variations and are obtained from the European Central Bank Data Warehouse. We also consider the variables relative to government expenditure (Niepelt 2014 ) and the public deficit/surplus (net borrowing/lending by the general government sector), both obtained from the European Central Bank Statistical Data Warehouse.
We include different control variables, including the debt held by non-residents and the real effective exchange rate (Bai, Kim, and Mihalache 2015) . The real effective exchange rate (REER) was obtained from Eurostat and represents the changes in cost and price competitiveness taking into account price trends. It is calculated as the nominal effective exchange rate (NEER) deflated by nominal unit labor costs and consumer prices. Namely, we use the REER for 42 competitor countries, which include 28 countries from the EU plus other 14 industrialized countries. We also include the index of PANOECONOMICUS, 2018, Vol. 65, Issue 2, pp. 137-161 economic freedom from the Heritage Foundation (2014) 6 to control for the different characteristics of the countries analyzed.
To control for the investment and financial development of the countries in the sample, we incorporate indices of investment and financial freedom from the Heritage Foundation. We also control for the size of the debt market using the gross debt issues to GDP ratio. Data on the gross debt issues were obtained from the European Central Bank Statistical Data Warehouse.
In addition to these variables, we include a variable called Crisis that reflects the effect of the current financial crisis and the sovereign debt crisis. For the former, Crisis is a dummy variable that takes a value of 1 for years including and following 2007 and 0 in other cases, and for the latter, Sovereign Crisis takes a value of 1 for years including and following 2010 and 0 otherwise. We also include dummy variables for the euro's entry into force, which take a value of 1 when the currency is officially adopted in each country and 0 otherwise. We also take into when each of the countries entered the EU. To do so, we construct a dummy variable that takes a value of 1 following a country's entrance and 0 otherwise. Tables 2 and 3 present the average values of the variables included in the analysis by country, and the correlation among those variables, respectively. No multicollinearity is observed between the explanatory variables according to the correlations. 
Methodology
Figure 1, which illustrates the evolution of the dependent variable, shows different outliers in the data that could bias the results. We observe a sharp increase for Greece that occurred after the outbreak of the sovereign debt crisis and the implementation of rescue packages by the Eurozone. In addition, we observe irregular behavior for Denmark, Estonia, Finland, and Luxembourg. We will consider the difference in behavior in a subsequent analysis. Thus, in the context of the aforementioned erratic behavior and outliers, the linear regression models assume that the relationship between average maturity and its determinants is linear. Nevertheless, if the sample is heterogeneous in terms of the distribution of the dependent variable, linear regressions provide misinformation on the estimation coefficients because they use the mean values of the sample. Therefore, to test the hypotheses and to analyze the determinants of sovereign debt maturity, we use the quantile regression approach. The quantile regression method, which was developed by Roger Koenker and Gilbert Bassett (1978) , involves estimating a range of marginal impacts for dependent variable distribution quantiles. Compared to the Ordinary Least Squares method (OLS), which assumes a constant marginal impact across an entire dependent variable distribution, quantile regression examining how covariates influence the location, scale, and shape of an entire response distribution (Koenker 2005) . Consequently, the quantile regression approach offers a more complete account of the true effects of explanatory variables (Koenker and . This methodology is advantageous in that it is more robust to nonnormal errors and outliers and it is less sensitive to skewness and to heterogeneities of response variables, thus allowing us to consider effects of a variable along an entire dependent variable distribution (Christopher F. Baum 2013) . This method assumes that the value of the error term ε τ conditional on regressors in the τ-th quantile takes a value of zero. Then, the conditional quantile model of y i given x i is specified as follows:
where denotes the τ-th conditional quantile of a random dependent variable y i , α(τ) presents the unobserved effect, x i is the independent variable vector, β(τ) is the coefficient vector under the quantile τ-th, and ε τ is the error term. When τ-th changes at (0, 1), this methodology solves the following minimization problem of the asymmetrically weighted absolute error criterion to obtain a different quantile parameter estimation:
where ρ τ (y i -x i´ β(τ) -α(τ)) is the check function, which is an absolute value function that generates the τ-th quantile as its solution. The estimator is robust because this method splits residuals into positives and negatives and gives weights of τ and 1 -τ.
To study the different effects of the explanatory variables on average debt maturity we transform Equation (1) into the following model:
where is the τ-th conditional quantile of the average maturity of sovereign debt, expressed in years (Mat). Cycle i variable represents the business cycle approximated by the growth of the GDP per capita; Risk i represents the credit risk; Debt i include the variables related to the debt structure of the country (debt-to-GDP ratio, government expenditure and net lending/borrowing); X i is a vector of variables that include the rest of the control variables. Finally ε τ is the error term. For the purpose of our paper, we estimate pooled quantile regression clustering standard errors by country (Parente and Santos Silva 2015) . As the data represent a pool of observations that are time series observations (i.e., they are structured as a panel dataset), it is likely that observations for each country are correlated over time, although each is independent. Therefore, it is necessary to consider this structure to compute a valid covariance matrix, as the traditional quantile regression approach does not provide a valid one under this configuration of the dataset. To solve this problem, we use the quantile regression approach with standard errors clustered by countries. This technique approximates a quantile regression with robust standard errors that correct for intra-cluster correlation. According to Parente and Santos Silva (2015) it is increasingly common to use pooled quantile regressions and random effects quantile regressions to analyze panel data. Nevertheless, previous studies using quantile regressions do not seem to provide consistent estimators. To this end, Parente and Santos Silva (2015) follow the findings of Tae-Hwan Kim and Halbert White (2003) and find evidence that the traditional estimator in quantile regression is consistent and asymptotically normal if there exists within-cluster correlation of the error term and an estimator that is consistent with intra-cluster correlation. Therefore, this technique allows us to run quantile regressions when data are from different individuals as in a panel data set, with the consideration that observations for different groups are independent and intra-cluster correlation may be present (Parente and Santos Silva 2015) . Because our data has a panel data structure and we want to test all the distributions of the dependent variable, we consider this technique to be a better fit for our sample. 
Results and Discussion
In this section, we present the main results obtained regarding the relationship between average debt maturity and its determinants. Table 3 shows the quantile regressions for the dependent variable on the explanatory variables. Because our objective is to analyze and consider the entire distribution of the dependent variable, we decided to perform the quantile regressions for the quantiles q(0.05), q(0.25), q(0.5), q(0.75), and q(0.95) to obtain more abundant results and draw conclusions from the data set. The quantile selection method is based on the evolution of maturity, for which data are presented in Figure 2 . According to the graph, it appears that for values falling below 0.05 and exceeding 0.95, a different behavior than of the rest of the distribution is found. Therefore, these quantiles have been selected for the analysis as distribution extremes to examine the entire distribution. Moreover, this selection is in line with previous studies that utilize quantile regression models (José A. 
Source: Own elaboration from European Central Bank database (ECB 2014).

Figure 2 Quantiles of Average Debt Maturity
As recommended by Baum's (2013) notes, Table 4 displays the results for the quantiles along with the OLS estimation. The table shows that in the median regression (i.e., quantile 0.50), the growth of GDP per capita negatively affects sovereign debt maturity for levels close to the median of average maturity, which is contrary to our hypothesis. Nevertheless, when we analyze the quantile (0.95), which represents the highest values of the dependent variable, this relationship becomes positive as expected. Therefore, at high levels of average maturity, the business cycle positively influences the dependent variable, but as this threshold decreases, this relationship disappears and even becomes negative. 15 .2 .25 .3 .35 .4 .45 .5 .55 .6 .65 .7 .75 .8 .85 .9 (2013), we also provide the results for the OLS estimation with robust standard errors clustered at the country level to compare with the results of the quantile regressions. *** p < 0.01, ** p < 0.05, * p < 0.1.
Source: Own elaboration.
A similar phenomenon is observed for the variable that approximates sovereign risk. The variable that approximates sovereign risk, which is the spread against the U.S. bond (we also used the long-term interest rates of the 10-year sovereign bond, and the results do not differ from those presented in Tables 4 and 5) , shows a significant negative sign for median levels of average maturity. However, for the quantile (0.95), this relationship indicates a positive sign. This unexpected relationship may be caused by outlier values that bias the results, as in the case of Greece (see Figure 1) .
For the debt-to-GDP ratio, the results are more robust than those obtained for the rest of the explanatory variables. According to Table 4 , there is a significant positive relationship between debt and sovereign debt maturity along the entire distribution of the dependent variable, which is line with the proposed hypothesis.
Because the first table does not consider the effect of time variability, we include time dummies and a time trend in Table 5 . We also include a dummy for Greece because the country appears to have a perturbation effect on the sample. The results indicate that the effect of the growth of the GDP per capita remains stable and the PANOECONOMICUS, 2018, Vol. 65, Issue 2, pp. 137-161 spread on the U.S. bond shows the expected negative sign for the low values of the dependent variable.
The results displayed in Table 5 shed light on the negative relationship between risk and maturity when the length of maturity is already low. After we account for time variability and Greece's unique situation, we find that countries that already have lower maturities are more prone to shortening the length of maturity by an even greater amount during a period of financial turmoil. This observation should alert authorities to implement measures that aim to increase the average maturity to values higher than the current average at the 0.5 quantile, which is approximately 6 years. For maturities lower than this average, the risk of facing a decrease in the maturity structure will be higher.
In short, Table 5 shows a negative and persistent relationship between average debt maturity and sovereign risk, as stated in H 2 . Nevertheless, this relationship is only significant for medium and low values of the dependent variable. The presence of countries such as Greece, where renegotiations and bailout programs have been established to avoid default, biases the results because they artificially lengthen the average maturity (see Figure 1) . Therefore, the importance of the quantile regression analysis is greater because it allows us to detect these perturbations in the results given that we do not regress the mean values of the variables but the whole distribution.
The debt-to-GDP ratio still shows the expected positive sign for reduced values of average maturity. In this sense, high values of debt have a positive effect on lengthening the maturity structure. This smooths and relieves the pressure that short average maturity structures have on a country's public finances. However, for higher values of maturity (quantile 0.95), the relationship becomes negative. This indicates that in countries with large maturity structures, higher levels of debt lead to a shortening of the maturity structure. Therefore, the results indicate a positive effect of the debt-to-GDP ratio, which confirms our H 3 but only for low values of average maturity. When countries are able to lengthen the maturity structure, the effect of debt on average maturity diminishes. (2013), we also display the results for the OLS estimation with robust standard errors clustered at the country level to compare with the results of the quantile regressions. *** p < 0.01, ** p < 0.05, * p < 0.1.
Moreover, we find no evidence of a positive relationship between the business cycle and average maturity. The results show negative coefficients for low and moderate values of maturity. This inverse relationship contradicts our hypothesis of positive effects of GDP growth and maturity. According to the results, this direct correlation does not exist, and it is even significantly negative for some quantiles. This may be attributed to the fact that countries with lower growth tend to lengthen maturity structures to avoid debt payment problems in the short-term as they are not growing enough, and hence they do not generate the resources required to face such payments. Therefore, our results cannot support H 1 .
The rest of the variables barely show statistically significant coefficients. Government expenditures, net lending/borrowing and the real effective exchange rate appear to have an impact on maturity but only for the highest values of average maturity. Moreover, the real effective exchange rate shows some significant values. The persistently positive and significant effect of Greece's dummy variable on the distribution of sovereign debt maturity is also notable.
Robustness Tests
To be exhaustive in our analysis, we perform different robustness tests on our regressions. First, we consider the size of the public debt market. We consider small countries such as Malta and the Baltic countries (Estonia and Lithuania) to have small debt markets that may influence the analysis. We thus control for this in our analysis by removing these countries from the estimation (Table 6 ). In addition to this fact, inferring from the results shown in Figure 1 , there appear to be some countries that show erratic behaviors in the evolution of their average debt maturity trends. We thus proceed to PANOECONOMICUS, 2018, Vol. 65, Issue 2, pp. 137-161 estimate the models without these countries (Table 7) to determine whether the results remain stable and robust. Table 6 presents the results of the estimations that do not consider countries with small debt markets. We maintain the same variables as those of the previous specifications to compare the results. The table shows that the coefficients remain similar to those listed in Table 5 . The sovereign risk level keeps the expected negative sign in lower quantiles of the distribution, denoting an inverse relationship with maturity as expected. Regarding GDP growth, negative significant coefficients disappear and there is no relationship. Similarly, public expenditure and net lending/borrowing variables remain positive for higher values of maturity q(0.95). (2013), we also display the results for the OLS estimation with robust standard errors clustered at the country level to compare the results with the quantile regressions. *** p < 0.01, ** p < 0.05, * p < 0.1.
Source:
Own elaboration. Table 7 shows the results without data for Denmark and Finland, as data for these countries exhibit odd behaviors in terms of maturity evolution. From Figure 1 , it seems that these countries maintain a constant evolution of average maturity with sudden jumps. We thus perform estimations without them. The results displayed are very similar to those shown in Table 5 . The spread also presents a negative relationship in the lower quantiles although it loses its significance for the median regression. A similar trend is found for the debt-to-GDP ratio, which only remains significant and positive for the lower quantile. GDP growth shows a negative coefficient for the 0.05 quantile as listed in Table 5 . In short, the results that do not consider countries with small debt markets (Malta and the Baltic countries) or countries presenting odd trends such as Finland and Denmark do not differ considerably from those listed in the previous section.
For a more thorough analysis, we consider the importance of the Euro as a determining factor in the relationship between maturity and the explanatory variables. For this scenario, we perform an estimation that considers countries that have adopted the Euro and those that have not using a dummy that takes a value of one in the former case and a value of zero otherwise. The results are shown in Tables 8 and 9 . According to the results, effects of risk on maturity are only found for the 0.25 quantile, indicating that the negative relationship with risk is only significant for low values of maturity. Regarding the debt-to-GDP ratio, only the distribution extremes, quantiles 0.05 and 0.95, produce significant coefficients. This indicates that in countries that use the Euro, debt levels only affect maturity for low and high values of the latter. This is in line with our hypothesis and with the arguments of Eichler and Maltritz (2013) who argue that country indebtedness levels only increase short-term security risks. Therefore, countries presenting high levels of debt are more prone to issuing long-term debt. For GDP growth, the table shows positive relationships for only higher levels of maturity as anticipated in the hypothesis section. Nevertheless, this is the only evidence available for these results. Therefore, according to our estimations, this positive relationship only holds for Eurozone countries with long maturities. The results for non-Eurozone countries are shown in Table 9 . Our analysis of the results suggests that risk is the most important driver of maturity for this group of countries, as negative and significant coefficients are found along almost the entire distribution. Nevertheless, despite these Eurozone states, effects of debt levels and GDP growth on maturity disappears. Therefore, our analysis of Euro an non-Euro countries shows that the debt-to-GDP ratio affects countries that use the Euro more, although risk is also significant for low to medium values of maturity, and sovereign risk influences the maturity of states to a greater extent when the Euro is not used as a form of currency.
Conclusion and Policy Implications
This paper analyzes the determinants of sovereign debt maturity for a set of 23 European countries during the period from 1995 to 2013. The paper aims to empirically test which forces drives sovereign debt maturity in developing countries, taking into account the recent episode of sovereign debt crisis. For this purpose, we test the effect of business cycle, sovereign risk and indebtedness level, along with a set of control variables, on maturity because, according to the literature, these three variables appear to be the main determinants of sovereign debt maturity.
To this end, we use quantile regressions with robust standard errors clustered by countries to gain a more complete picture of how this set of variables affects the different quantiles of the conditional distribution of maturity. We have also considered the effects of debt size, of atypical behaviors in the evolution of maturity debt and of the Euro currency to determine whether the results remain stable.
According to the results, there is no evidence of a relationship between the business cycle and debt maturity, as those countries that face lower growth levels tend to increase maturity levels to avoid debt repayment problems in the short-term, as they do not generate enough income to meet their payments. These countries are thus prone to lengthening the maturity structure during a recession or low growth period. We also find evidence of a fairly robust positive relation between maturity and the indebtedness level of the country. This relationship is particularly significant for low values of maturity, which suggests that countries with lower maturities have more room to lengthen the maturity structure as they increase their debt level.
Regarding risk, the results confirm the existence of an inverse relationship between average maturity and sovereign risk for medium and low values of average maturity. According to this finding, countries that face higher risk and show a more reduced average maturity are more prone to shorten their maturity structure in the presence of sovereign risk than countries with longer maturities. Therefore, those countries are in a riskier situation in the case of a sovereign debt crisis because the crisis can quickly spread, forcing the countries to reduce their maturity and pushing them toward default or debt renegotiations. To avoid such a situation, countries should implement measures to lengthen the maturity structure to limit the effects of the crisis. This approach is in line with previous studies that state that a long and balanced maturity structure significantly reduces the effect of a sovereign debt crisis.
In addition, the analysis for Eurozone members and non-member countries provides some interesting insights. First, risk seems to have more significance as a determining factor in non-Eurozone countries, and the debt-to-GDP ratio appears to be one of the main determinants in Eurozone countries. Therefore, non-Eurozone countries face a higher risk of shortening their maturity structure during periods of financial turmoil.
These results provide a starting point in gaining a better understanding of the forces that drive sovereign debt maturity. This information allows public authorities to determine what mechanisms to use should they need to lengthen the maturity structure of sovereign debt to smooth the effects of a debt crisis. According to our results, countries that face higher spread risk and have lower maturities are more prone to shortening their maturity structure, which in turn will increase funding costs and the risk of default. This is particularly important for non-Eurozone members. Therefore, the implementation of measures designed to increase the average maturity will reduce such harmful effects on public debt. Furthermore, a balanced debt-to-GDP ratio will provide greater stability for the maturity structure of debt. Given the positive relationship between maturity and debt-to-GDP ratios, there should be equilibrium between the size of debt and the maturity structure.
